Abstract: Based on the FTIR spectral changes, the miscibility of some nanocomposites based on starch, polyvinyl alcohol and treated multilayered silicate, was qualitatively estimated. The FTIR spectroscopy provide evident gross/small spectral changes as well as appreciable spectral shifts mainly in those spectral range that defines hydroxyl O-H vibrations (3600-3000 cm -1 ), water absorbtion (1800 -1500 cm ). Based on the observed spectral modifications it can be estimate that high miscibility do exist between the components of the studied nanocomposites.
Introduction
The biodegradable polymeric materials can be achieved based on several methods between which, the compounding of the natural polymers with the synthetic ones has a practical importance. The biodegradable materials based on starch and polyvinyalcohol (PVOH) can be entirely destroyed, in nature, because of the PVOH water solubility and the starch biodegradability [1, 2, 3] .
It is well known that PVOH and starch have a similar chemical structure, with a high content of hydroxyl groups [4, 5] . Under elected conditioning and melt processing conditions, it is possible to break the hydrogen bonds between the PVOH chains and those of the starch ("destructurisation" [6] ) and to establish new ones, this time between the macromolecules of PVOH and those of the starch ("restructurisation"). Based on a destructurisation -restructurisation controlled process, nanocomposites based on starch, PVOH and treated multilayered silicate, has been achieved [1, 7] .
The miscibility is defined as the occurrence, at equilibrium of the polymer mixing at the molecular scale. The polymer miscibility can be studied also based on the IR spectroscopic methods [8, 9] . The way in which the IR spectrum is perturbed may be informative about the presence of specific interactions between functionalities of the polymer from the blends. A perturbation of the IR spectrum is therefore a qualitative criterion of miscibility. The nature of the information obtainable by IR spectroscopy, as well as the confidence which may be placed in such conclusions, depends to a large degree on the magnitude of the spectral changes being observed [9] . The main FTIR spectral changes are: the gross / small changes and the appreciable spectral shifts.
The "gross spectral changes" described entirely new spectral features or changes in intensities more than 50 %. The "appreciable spectral changes shifts" describe the case where the same features are present in the spectra, but they have been shifted by more than one width at half height of the absorbtion, or have changed in intensity by more than 30 percent. The "small spectral shifts" in characteristic absorbtions of the polymers used as a probe of the miscibility and polymer interactions are those < 10 cm -1. [9] . In case of solid polymers it is not usually enough to allow resolution of the interacting and non -interacting functionalities. Generally the smaller the perturbation in the spectrum, the greater is the possibility of mistakes. [8, 9] . In literature are known studies concerming the miscibility of PVOH with low density polyethylene [10] , polyacrylamide [11] , dextrin, cellulose, chitin, lignin [12] .
In the following, the estimation of the miscibility of some nanocomposites based on starch, PVOH and treated silicate, using the FTIR spectral changes, shall be presented.
Results and discussion
The FTIR spectra of the studded bio-hybrids are different from those of individual components in shape, wavelength and height of characteristic peaks ( Fig. 1, 2 ). The shape of these spectra do not depend by the blending ratio (Fig. 2) . The greatest differences between the absorbtions of bio -hybrids and those of each components are related with Nanocor I 28. Because of the practical importance of the bio -hybrids with greater starch content, in the following, the FTIR spectrum of the blend with 70 % starch was analysed. For a proper description, this spectrum will be analysed, in the following spectral ranges, in which the bio -hybrid peaks intensity is greater than 0, 1 ATR units: 3700 -3000 cm -1 , 1800 -1500 cm The FTIR spectra of the bio -hybrid with 70 % starch are compared with those of each component (Fig. 3 ) and with those of the bio -hybrids with 50 % and 60 % starch in Fig. 3 and Fig. 4 . The bio -hybrid main absorbtion peak is placed around 3345 cm -1 and, depending by the blending ratio, its intensity is by 0,125 -0,15 ATR units. The peak of the bio -hybrid with 70 % starch has two shoulders, one at 3271 cm -1 and other at 3218 cm -1 . The intensity of the bio -hybrid maximum is 1.87 times greater then that of starch, comparable with the DEG absorption and smaller by 0,54 -4,28 times than the absorbtion of the components.
The bio -hybrid peak from this range seems to be resulted by shifting with 9 -45 cm -1 the 9 absorbtion peaks of each component ( Table 1 ). The absorbtion of DEG from 3345 cm -1 is overlapped with those of the bio -hybrid maximum (Fig. 3 , Table  1 ). The shoulders from 3218 cm -1 and 3271 cm -1 can be the remainder from urea (N -N stretching ) and those from 3218 cm -1 with the Nanocor I 28 absorbtion from 3043 cm The 3700 -3000 cm -1 wave length range defines the inter and intra molecular hydrogen bonds established between the hydroxylic O -H from PVOH, starch, DEG, glycerol and possible the amino group from urea. Considering the ratio between the peak intensity of each components and those of the bio-hybrids (Fig. 3 ) it can be estimated that the physical interactions are greater than that from starch but smaller than that from PVOH, glycerol and Nanocor I 28 ( shoulders from the absorbtion peak can be a sign that the components miscibility increases with the decreasing of the starch content.
Tab. 1. The comparison of the individual components absorbtion peak between 3700 cm-1 and 3000 cm-1 with those of 70 % starch bio -hybrid.
The above presented conclusions underline that, in this spectral range, as results of the components miscibility degree, gross and appreciable spectral changes had taken place.
The 1800 -1500 cm -1 range
The three bio -hybrids have, in this spectral range also only one peak that, depending by the blending ration, has different intensity and smaller or bigger shoulders ( Fig. 5 , Table 2 ). The intensity of the new peak of the bio -hybrids with 50 and 60 % starch are almost 50 % smaller that those of the bio -hybrid with 70 % starch. The bio -hybrids peaks and shoulders seems to result by displacing with 9 -61 cm -1 of the 8 peaks of individual components from this range (Fig. 6 , Table 3 ).
In this spectral range, there are two components, glycerol and DEG with very small absorptions, smaller than 0,025 ATR units and other two (urea and Nanocor I 28) with greater intensities by 0,125 -0, 2 ATR units (Fig. 6 ). The peak intensity of the resulting bio -hybrid is comparable with those of urea and greater than those of the other 4 components.
This range characterizes the water absorption, the vibrations of carbonyl from residual PVOH acetate, the C-O stretching and CONH, N -H, C -N bending from urea. Taking into consideration that the carbonyl from residual acetate do not appear and the urea vibrations from 1592 cm-1 are shifted with 34 cm -1 , it can be estimated that in this spectral range the FTIR spectra characterizes mainly the water absorbtion. The bio -hybrid water absorption is greater than that of individual components because the bio -hybrid contain three hygroscopic components: PVOH, starch and multilayered silicate. Fig. 6 . The FTIR spectra of the individual components and of the bio -hybrid with 70 % starch between 1800 cm -1 and 1500 cm -1 (legend as in Fig. 3 ). The peak intensity of the bio -hybrid is almost 6,4 -20 times greater than the absorption of the main components PVOH, starch and Nanocor I 28 (Fig. 6) . The most hygroscopic components are starch. If the starch content is smaller (as in biohybrid with 60 % and 50 % starch) the hygroscopicity of the resulted bio -hybrids is also less significant. For this reason the intensity of the peak of the bio -hybrid with 50 % and 60 % starch are smaller than that of the bio -hybrid with 70 % starch (Fig.  5) .
Tab. 3. The comparison of the bio -hybrid absorptions between 1800 cm -1 and 1500 cm -1 with those of individual components. The bio -hybrid components miscibility, can be greater not only because of their thermodynamical compatibility but also because water is a good PVOH and starch plasticizer.
These results demonstrate that, in this absorbtion range, because of the component s miscibility gross, appreciable and also small spectral changes had taken place. In this spectral range all the three bio -hybrids have also only one maximum, that depending by the blending ration, is placed between 1059 cm -1 -1022 cm -1 and has an intensity by 0,45 -0,32 ATR units (Fig. 7, Fig. 8, Table 4 , Table 5 ). The biohybrid maximum peak seems to be resulted from the other 11 peaks of individual components from this range. Table  5 ). The intensity of the bio -hybrid maximum is comparable with those of DEG and glycerol and almost twice greater then that of the PVOH and starch. The intensity of the peak of the bio -hybrid with 70 % starch is 5 -6 times smaller that of the Nanocor I 28 from this range (1038 cm -1 ).
Fig. 8.
The FTIR spectra between 1192 cm -1 and 600 cm -1 of the individual components and of the bio -hybrid with 70 % starch (legend as in Fig. 4 
.).
This spectral range characterizes mainly the bio -hybrid morphological order that depend on the melt processing parameters, and the interactions with silicate (Table 5). The greater absorbtion peak of the bio -hybrid can reflect a greater morphological order even in the amorphous state. Because the peak intensity of the bio -hybrids with 60 % and 50 % starch is 0.3 as compared with 0.45 ATR units of the bio -hybrid with 70 % starch (Fig. 7.) , it can be estimated that If the PVOH content is greater the order degree of the resulted bio -hybrids seems to be a little smaller.
These results demonstrate that, in this absorption range, as a result of the component s miscibility degree, gross and small spectral changes had taken place.
Tab. 5. The correlation between the bio -hybrid absorption from 1192 cm -1 and 950 cm -1 and those of individual components.
* vibration dependent by the melt processing parameters. Reflects the PVOH cristalinity
Other bio -hybrids absorbtion ranges
On the bio-hybrids FTIR spectra exist also absorption peaks with intensity smaller then 0,12 ATR units, in the following wave length fields ranging between:
-3000 cm -1 and 2800 cm -1 (Table 6, Table 7 ); -1500 cm -1 and 1391 cm -1 (Table 8, Table 9 ); -1391 cm -1 and 1295 cm -1 (Table 10, Table 11 ); -1295 cm -1 and 1192 cm -1 (Table 12, Table 13 ); -950 cm -1 and 600 cm -1 (Table 14 ) Tab. 6. The characteristics of the bio-hybrids absorptions in 3000 -2800 cm -1 range.
Individual Components
Absorbtion peak of individual components cm The peaks from this wavelength range have almost the same characteristics as the peaks from the other analyzed spectral ranges. Even smaller, these spectral modifications prove that because of the miscibility of blend components spectral modifications has taken place. .
A constant characteristic of some new appeared absorbtion peaks is the shoulders presence. The precence of these shoulders can be a sign that the dispersion of some components like Nanocor I 28 and urea is not very well. It is possible that their better disposal into the polymeric matrix to determine the disappearance of these shoulders. The bio -hybrids peaks intensity are smaller, equal or greater then those of each components. The miscibility of the multilayered silicate with the two polymers can be explained based on the physical interactions between the negative charge of the hydroxilic groups from PVOH and starch and the positive site of the lamellaes of the delaminated multilayered silicate. by the compositions is smaller than that of PVOH and starch by almost 60 0 C [31] , morphological order [ 32 -34] .
Conclusions
The FTIR spectroscopy indicates evident gross and small spectral changes as well as spectral shifts in the following ranges: those that defines strong vibration of hydroxyl O-H and so the inter and intra molecular hydrogen bonds (3600-3000 cm -1 ), water absorbtion (1800 -1500 cm -1 ) , the interaction with multilayered silicate and the morphological order degree (1192 -950 cm -1 ). Based on the considered FTIR spectral changes it can be qualitatively estimated that high miscibility do exist between the components of the nanocomposites based on PVOH, starch and Nanocor I 28.
Experimental
Nanocomposites based on polyvinyl alcohol (PVOH), starch, silicates and additives have been obtained by melt processing techniques, under classical melt processing conditions. The two polymers, with proper melt processing additives and the entanglement compatibilizer was compounded in a Brabender plasticorder. Each blend was molded into films with 0, 01 mm thickness on a classical laboratory roller [1, 13] . Bio-hibrids with 3 % treated silicate and blends based on PVOH and starch were studied. The following PVOH -starch blending ratio were considered: 50 / 50; 40 / 60; 30 / 70. The assignment of the FTIR peaks were done considering: [14] PVOH, [15 -26] for starch, [27, 28, 29] for Nanocor I 28, and [30] for glycerol, urea and DEG.
Materials
Polyvinyl alcohol with 99 mole% hydrolysis degree, native corn starch, silicates: 3 % treated montmorillonite (MMT), Nanocor I 28, plasticizer: glycerol, diyethylene glicole (DEG), entanglement compatibilizer: urea were used as received.
Characterization
The FTIR analysis was performed on a DIGILAB Scimitar FT-IR spectrometer, equipped with ZnSe crystal, via the Attenuated Total Reflectance (ATR) method. The recording was carried out at 4 cm -1 resolution, using the average spectrum resulted from 5 spectra recorded for each compound. The spectrum was processed based on Grams/32 software.
